MissileLab: An Expert System for Rapid Aerodynamic Trade Studies

L.M. Auman
U.S. Army Aviation and Missile RDEC
Redstone Arsenal, AL 35898

ABSTRACT

An expert system for aerodynamic trade-
space analysis has been developed and is being
used by several government agencies and
industry. Expert systems, like MissileLab, are
needed in all areas of the missile/lUAV design-
space technology areas and will enable the
Army to meet transformation goals of a lighter,
rapidly deployable force with increased lethality
and survivability, in a cost-effective and timely
manner.

This paper presents an overview of the
functionality and capabilities of MissileLab and
briefly discusses enhancements being made by
a joint Army/Air Force team on the legacy
aerodynamic prediction tool Missile DATCOM.

1. BACKGROUND

To meet the Army’s transformation goals of
a lighter, rapidly deployable force with increased
lethality and survivability, the missile community
must develop new missile systems that are
themselves lighter, more lethal, cost-effective
and compact. Several Army missile technology
programs currently underway will play an
important role in improving survivability of Army
personnel and material. To meet the technology
objectives, these programs must find a solution-
space where lethality, cost, and size are tightly
woven together.

These new, compact missile systems will
likely be highly integrated systems that evolve
from numerous system level trade-studies
addressing the various mission needs
statements. The trade-studies must be
performed quickly, but with increased fidelity to
reduce the possibilities of unforeseen problems
requiring “configuration re-design/re-start.”

The Aerodynamics Technology Functional
Area of the System Simulation and Development
Directorate of the US Army Aviation and Missile
Research, Development, and Engineering

Center (AMRDEC) is actively working two fronts
that address the issues of rapid trade-studies
and increased fidelity in our aerodynamic
predictions. The first is the development of
MissileLab, a MicroSoft® Windows-based
graphical expert system that allows the
aerodynamicist to define a candidate
missile/lUAV configuration one time and then run
multiple aerodynamic prediction codes. The
second front being addressed is improvement of
the predictive capabilities of the industry-
standard aerodynamic prediction code Missile
DATCOM. This paper shall focus on MissileLab,
and summarize the Missile DATCOM
enhancements.

2. INTRODUCTION

In the early stages of missile system design,
it is necessary to have the means to quickly and
accurately estimate the aerodynamics of a wide
variety of missile configuration designs operating
over many different flight regimes. The ultimate
shape and aerodynamic performance of a
missile are highly dependent on mission
requirements (range, maneuverability, weight,
radar cross-section) and subsystems (payload,
propulsion, control actuation system, launch
mechanism). Therefore, the applied
aerodynamicist must be capable of reliably
predicting aerodynamic trends on a wide variety
of configurations in a timely manner.

Engineering-level codes provide an
immediate means to determine the aerodynamic
characteristics of a flight vehicle configuration.
The foundations of these codes are extensive
databases of experimental tests performed by
NASA, the Army, Air Force, and Navy. A
combination of mathematical expressions and
table lookups define the semi-empirical nature of
these Aerodynamic Prediction Engines (APES).

For missile applications, the most frequently
used semi-empirical codes are Missile
DATCOM®, AeroPrediction code (version AP98?,
AP023, and the recently released AP05), NEAR
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MISL3®°, NEAR MISDL®, and HASC'.
Unfortunately, these codes require significantly
different input decks; therefore, the applied
aerodynamicist must work through the tedious
process of setting up input files for the different
codes. This process introduces the potential for
error, slowing the aerodynamicist’s ability to
quickly and reliably provide results to the design
team. Additionally, while these APEs have very
thick user’s guides to aid the engineer in setting
up cases, it has been found that not all users
“interpret” the documentation the same, leading
to additional sources for error.

It is advisable to run multiple APEs during
the design trade process to increase the
confidence level associated with the results.
However, with ever-increasing demands to
shorten program development timelines, the
aerodynamicist must sometimes choose
between conducting additional analysis and
meeting schedule demands. The entire design
team must find ways to increase the efficiency
and accuracy of the initial configuration trade
study phase.

MissileLab was created to address these
issues. MissileLab queries the user for standard
missile geometric data, draws 2D and 3D
representations of the missile allowing the user
to confirm the configuration, validates data
entries against an APE code specific rule-set,
generates APE specific input files, runs the APE
specific codes, and archives the results for data
analysis. MissileLab has built-in help, mass
properties, and automatic calculation functions
to aid the aerodynamicist in case setup.

3. MISSILELAB

Six examples of various missile and
Unmanned Aerial Vehicles (UAV) configurations
are presented in Figure 1 to illustrate the range
of airframes that MissileLab has been designed
to address. Armed with a line drawing of the
configuration, a new MissileLab user following
the step-by-step input screens and built-in help
topics can typically generate any of these
configurations in 15 minutes.

Figure 2 and Figure 3 present the body and
wing/fin input screens. These screens represent
two typical examples of the various input
screens. From these figures it is seen that a
combination of pull-down menus, radio button

controls and text-box entry fields are used to
interrogate the user. A “Help Topics” panel is
featured on each screen to provide on-line
documentation pertinent to the particular screen.
Additional detailed documentation is also
provided via the Help control located in the
menu bar at the top of the screen.

The wing/fin geometry input screen (Figure
3) features additional controls that allow the user
to view the geometry as defined, view the
geometry as it will be exported to the various
APEs (if simplifications are required by the
specific APE), and view important aerodynamic
parameters of the lifting surface (such as
planform area, aspect ratio, mean aerodynamic
chord length, and area centroid).

The vast majority of the input fields are
automatically mapped by MissileLab to the input
file for the specific APE(s) that the user chooses
to run. However, as each APE has it own
unigue capabilities and functionality, additional
code-specific inputs are occasionally required.
When this is the case, the particular parameter
is called out for the specific APE. This way the
user knows that these inputs are specific to a
single Aerodynamic Prediction Engine.

Once the geometry has been defined, the
user should use the various 2D and 3D
geometry sketching tools to view the
configuration as this is the simplest way of
confirming that the data entered is truly
representative of the intended configuration.
Figure 4 presents the 2D sketch window and
controls, and Figure 5 presents additional
examples of the types of sketches that are
available. As configuration documentation is an
important part of the trade analysis, all sketches
can be copied to the MicroSoft “Clipboard” and
then inserted into most Windows-based
applications.

Once the geometry has been viewed in the
sketcher, and other inputs (such as reference
length, reference area, flight conditions, etc.)
have been entered, the user should then view
the MissileLab Warning Screen. For most
typical missile configurations, the user will find
the comment “No Warnings/Errors detected”.
However, as illustrated in Figure 6, MissileLab
has scanned all inputs and found both “non-
critical warnings” (shown in blue) and “critical
errors” (shown in red) for the example
configuration.



Non-critical warnings may be generated by a
number of things but usually relate to slight
modification of the geometry that MissileLab has
to make to run a specific APE. Ciritical errors
are generated when the configuration can not be
exported to a specific APE as the configuration
is outside the bounds of the specific code. In
both cases, MissileLab provides a detailed
explanation of the warning/error. If only non-
critical warnings are generated, the user may
proceed and run the desired prediction code(s)
or may elect to return to the geometry screens
and make changes. If critical errors are
encountered, MissileLab disables the associated
APE and the user is not allowed to select that
code on the Export Data/Run Codes screen
(shown in Figure 7). All communication
between MissileLab and the various APEs is
conducted via the documented input and output
files for the specific APE.

The warnings and errors feature of
MissileLab significantly improves user
confidence in APE results by meticulously
checking all input fields against a rule set. The
rule set was developed by critical inspection of
input/output files generated by users of various
experience levels, by consultation with the
various APE code developers, and by careful
review of APE documentation. The various
warnings and errors may be generalized into
several classes of message types. The number
of message types per prediction code is
presented in Table 1.

Additional tools, such as the mass
properties estimator tool shown in Figure 8 and
APE output file parsing scripts provide additional
time savings for the applied aerodynamicist.

4. MISSILE DATCOM

A joint collaborative effort between the Air
Force (Wright-Patterson AFB) and the Army
(Redstone Arsenal) began in 2005 to address
gaps in the aerodynamic predictive capabilities
in the legacy code Missile DATCOM. The 2005
efforts resulted in a new version released by the
Air Force in January 2006. This version
included elimination of “dead” and redundant
code, code “clean-up”, improvements to the
cylindrical body prediction methods, and the
addition of new data output formats.

Table 1: Classes of Error/Warning Messages

APE # of Message Classes
Critical Error Warnings
DATCOM* 15 13
APxx*** 18 17
NEAR MISL3® 21 23
NEAR MISDL® Under Dev Under Dev
HASC’ Under Dev Under Dev

The current effort is focusing on virtually
every area of Missile DATCOM and includes
improvements for low aspect ratio wings/fins,
improvements for high fineness ratio bodies
(high length-to-diameter ratio), improvements for
non-traditional body shapes (such as elliptical
cross-section bodies), improvements for fins
with flaps for control, and other areas. This
version of Missile DATCOM is scheduled to be
released in January 2007.

CONCLUSIONS

MissileLab was first introduced to the US
missile community in January of 2005. Since
that time numerous US industry missile
developers as well as several other US
government agencies have requested the use of
MissileLab as a means of increasing their
efficiency and the accuracy of their aerodynamic
predictions.

In January of 2006, the 2005 enhancements
to Missile DATCOM were briefed to the missile
community and as a result the Air Force has
received over 40 requests for the updated code.
This response illustrates the need for quick
aerodynamic prediction codes, and underscores
the fact that these types of codes must be
maintained and enhanced to address the
evolving needs of the missile community.

Investment in process improvement and
upgrades to legacy aerodynamic prediction tools
has allowed AMRDEC and our industry users to
increase aerodynamic trade-space analysis
throughput and have greater confidence in the
initial trade analysis. Leveraging wind tunnel
test data acquired for AMRDEC technology
programs, new methods and capabilities are
being incorporated into legacy prediction tools
used by all branches of the government and
industry.




To meet the Army’s transformation goals of
a lighter, rapidly deployable force with increased
lethality and survivability, the missile community
must continue to invest in technology and
process improvement which enables the
development of new missile systems that are
themselves lighter, more lethal, cost effective
and compact. Development of Expert Systems,
like MissileLab, increases productivity and
serves as a tool for training young engineers.
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Figure 1. Possible MissileLab geometry configurations




W MissileLab
Ele Setup Sketch Help

MENU OPTIONS Project Name: Example Configuration Name: Sample-001 Input Units: INCHES
+1-Jp Set up MissileLab Project f BODY
Define Geometry

C AP INPUT :
+ Body Cross Section- | Axisymmet - ; Display Geometric Coordinates
F s Shape-[sasymmerric  «| | Height of Rotating Band (H6) ‘ ——

Protuberances ~Define Nose
Inlets Geometry: g,
Define Reference Values
Define RunTime Conditions
Define DATCOM-Specific Inputs Lenamioffice SO0 NoseTe: [pomted v
Define APxx-Specific Inputs. Radius at Base of Nose: 6.75
Define MEAR MISL3 Specific Inputs
Define Muttiple Runs.
o) Define AeroLab Database
=¥ view Warnings
DATCOM Warnings:
AP Warnings - Define CenterBody
MISL3M3IFLR Warnings Number of Segments: e
Export Data / Run Predictions
Tools
View Data / Create Database
Estimate Wass Properties Geometry: [Cyinger or ConstRedus _v|  -enatn: [153.00

Cylinder or Const Radius

BelPTOPGS Known Radus

This form is used to build body geometry.

CEX

=

Segment 1

The units for all length inputs are inches and
degress for any angles

Vihen using User-Defined geometry, the
longitudinal posttion is measured
0.0 (typically the nose tip). Also when using
User-Defined geametry, Right-Clicking on a - Define AftBod

column wil allow removal of that body point AftType: |yone

or notation of a discontinuity,

*When using the User-Defined body type, the
camber variable onty applies to DATCOM. I
data is entered, it will be output to the
DATCOM file, but only versions "05 and above
will run. If no data is entered in this row, then
no Z variable will be output

Figure 2. Body geometry definition screen
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MENU OPTIONS Project Name: Example Configuration Name: Sample-001 Input Units: INCHES

Set up MissieLab Project o)
Define Geometry
" Body f&unbewamSaqu ~
' FinSets ;
Profuberances kit I Finset2
inlets
Copy FinSet# [ -
= i) Define Reference Values - e Bk
-~ Hody Refersnces e naEin
) Define RunTime Conations. " Define by Leading Edge Locations  + Define by Sweep Anale Views Fin AP/ MISLE Inputs
Geometry Paramtrics Airfoi Section Type: [wex ] Distance to Root Chord Leading Edge: [53.19 | i/ Lk [ B e S
# Sketch
Flight Conditions 5 - e ]
— | Humber of nwise Stations: 4 E e
Defiectons /Trim =] 3 ] __View Fin Paniorm Vabes |
Base Effects Stal |Sta? |Sta3  |Stad
Inlet Additive Drag Semi-Span 675 875 876 1175
Define DATCOM-Specific Inputs Chord Lengtn 10400 o700 7320] 6218
Define APxx-Specific Inputs Ratio of Flap Chord to Fin Chord
Dt MESR NISLS Spetiic npuls Leading Edge Radius 0.125] o0425] 005 005
Define Wultiple Runs W SRR A obd] ooo| onol
o e e Daleass Sweep at LE (0.0) or TE (1.0} 100] 100 100
Vi ecnigs - Fin Thickness 1.9968| 1.9982| 199104] 0.24872]
Il | Length of Leading Edge Wedge s20| s335| 5124] ag7ay]

— Length of Flat Section 9380 86.33| 62082 522312
HELP TOPICS

This form is used to build fin geometry. &
The units for all length inputs are inches |
and degress for any angles. ~APOSInput————————————
I~ Truncated Leading Edge ‘

Right-Clicking on a column will allow Lz N
removal of that column. The minumum | AP\ MISL3 Inputs .

number of Span locations is two and the Root Trailing Edge Radius: Tip Traiing Edge Radius: |

menximum is 10
- Define Panels

For User-Defined Airfoils, the minimum

number of User coordinates is 2 and the ;i Humber of Panels: 4 Li

maximum iz 50. If using a User-Defined =

airfoil, the origin of the coordinates is the FPanell |Pansiz [Faneld |Panelt
Leading Edge on the chord line. Mote that Orientation 0 80 180 270
ithe inputs for the User type are in fraction Dihedral

of chord. Also, note that HEX and ARC

inputs have been simplified and are - Define Hinge Line

dimensional inputs nows. ‘ Longhtudinal Postion : Skew Angle

Hinne ling Innaitidinal nnsitinn =hauld be

Figure 3. Fin/wing geometry definition screen
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¥ Show Body Station Information [~ ©
¥ Show MRP
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I iShow Fin

™ Show Span Station Lines

Show Top View |

™ Show %Y Paints
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Jw Lo 000 Jaw Loc: 31,000
Dis oo Dia: 13500
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Iy Loc: 184.000
Dia 13500
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Figure 4. 2D sketcher control screen
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Figure 5. 2D and 3D sketch output
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MENU OPTIONS

Set up MissileLab Project
Define Geometry

Define Reference Values
Define RunTime Conditions.
Define DATCOM-Specific Inputz
Define APxx-Specific Inputs

Define Multiple Runs
Define AeroLab Database
View Warnings

g DATCOM Warnings

g AP Warnings

g WISLIM3IFLR Warnings
Export Data / Run Predictions
Tools

Define NEAR MISL3 Specific Inputs

"HELP TOPICS

found will be displayed in red. MissieLab
cases. Warnings are displayed in blue.
MissileLab will still export the file if only
warnings are detected. However, these

be checked.

This page displays any errors or warnings
that were found for APxx. Any critical errors

IWILL NOT export the APswoc input file for these

could =ignify input errors, and should always

Input Units: INCHES
WARNINGS / CRITICAL ERRORS
APxx

RUN 1

* NONCRITICAL WARNING: Applies to All Versions. A Supersenic or 8-series NACA-type airfoil has been defined for finset #1. This will be

converted to a biconvex airfoil with a .025 thickness to cherd ratio.

NONCRTICAL WARNING: Applies to All Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex

airfoil with the thickness derived frem the NACA designation

CRMICAL ERROR: Applies to Version 98. & Pan ere defined for finset¥1. This number of panels is not allowed in AP38,

RUN 2

*  NONCRITICAL WARNING: Applies to All Versions. A Supersenic or 8-series NACA-type airfoil has been defined for finset #1. This wil be

converted to a biconvex airfoil with a .025 thickness to cherd ratio.

NONCRTICAL WARNING: Applies te All Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex

airfoil with the thickness derived from the NACA designation

* CRTICAL ERROR: Applies to Version 38. 8 Panels were defined for finzet#1. This number of panels is not allowed in AP38.

RUN 3

*  NONCRITICAL WARNING: Applies to All Versions. A Supersonic or 6-series NACA-type airfoil has been defined for finset #1. This will be

converted to a biconvex airfoil with a .025 thickness to cherd ratio.

NONCRITICAL WARNING: Applies to All Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex

airfoil with the thickness derived from the NACA designation

¢ CRITICAL ERROR: Applies to Version 98. 8 Panek re defined for finset®#1. This number of panels is not allowed in AP3E.

RUN 4

*  NONCRITICAL WARNING: Applies to All Versions. A Supersonic or 8-seriez NACA-type airfoil has been defined for finset #1. This will be

converted to & biconvex airfoil with & .025 thickness to cherd ratio.

NONCRITICAL WARNING: Applies to Al Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex

airfoil with the thickness derived from the NACA designation

* CRITICAL ERROR: Applies to \Version 98. 8 Panels were defined for finset#1. This number of panels is not allowed in AP38.

RUN 5

*  NONCRITICAL WARNING: Applies to All Versions. A Supersonic or 8-series NACA-type airfoil has been defined for finset #1. This will be
converted to & biconvex airfoil with & .025 thickness to chord ratie.

*  NONCRITICAL WARNING: Applies to All Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex
airfoil with the thickness derived from the NACA designation

s CRITICAL ERROR: Applies to Version 38. & Panels were defined for finset#1. This number of panels is not allowed in AP3S.

RUN &

NONCRITICAL WARNING: Applies to All Versions. A Supersonic or 6-series NACA-type airfoil has been defined for finset #1. This will be

converted to & biconvex airfoil with & .025 thickness to cherd ratio.

NONCRITICAL WARNING: Applies to All Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex

airfoil with the thickness derived from the NACA designation

* CRITICAL ERROR: Applies to Version 98. 8 Panels were defined for finset#1. This number of panels is not allowed in APS8.

RUN 7

*  NONCRITICAL WARNING: Applies to All Versions. A Supersonic or 6-series NACA-type airfoil has been defined for finset #1. This will be
converted to a biconvex airfoil with a 025 thickness to chord ratio.

NONCRITICAL WARNING: Applies to All Versions. A NACA-type airfoil has been defined for finset #2. This will be converted to a biconvex
airfoil with the thickness derived from the NACA designation
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Figure 6. Warning and error screen

MENU OPTIONS

Set up MissileLab Project
Define Geometry

Define Reference Values
Define RunTime Conditions.
Define DATCOM-Specific Inputz
Define APxx-Specific Inputs

Define Multiple Runs
Define AeroLab Database
View Warnings

g DATCOM Warnings

g AP Warnings

g WISLIM3IFLR Warnings
Export Data / Run Predictions
Tools

Define NEAR MISL3 Specific Inputs

"HELP TOPICS

prediction codes andior runs them. I alkse
wirites a MissileLab project file. Ifthere is
a fatal error that prohibits writing the data
for a code, then that option will be red. A
noncritical warning will be denoted with
blue text. Check the appropriate
I"Warnings' form in the Options Tree.

IThe project path is ALWAY'S the project
name. To change this, select Edit Project

IThis form writes out the input files for the &

Input Units: INCHES
EXPORT DATA / RUN PREDICTION CODES

- Select Exported Files
Export File Type

issile Lab Project File
fissile Datcom Input File (FORODS dat)
[ 2P3s input File (TAPES)

P02 Input File (4R & GEOM)

POS Input File (AIR & GEOM)

[ M3FLR Input File (input.inp}

I MISL3 Input File (input.inp)

| Exported File Name
Sample-003.MLN
Sample-003. Run#as MOC
Sample-003. Rundsiss APIS inp
‘Sample-003.Run#East APO2Z geo / Sample-003.RunsEEs AF)
Sample-003. Run#&s AP0S geo | Sample-003.Run#&HEE AF)
Sample-003. Run#&Hed M3FLR inp
Sample-003.Rund&sst MISL3.inp

Available Executables
DATCOM-2006-09-13-IVF.exe
[ D902 exe

Ooatcom exe

[ araeFoR.exe

APOZFOREXE
ap0Sor_Origionalexe

[ MisL3_Jan06 exe

| >

Change Base Filename | Select All Clear All

<
Select All Clear All

- Select Prediction Codes

Codes listed in Red have critical errors on the Baseline run. Codes listed in Blue have warnings
on the Baseline run. Codes listed in Orange have critical errors on a subsequent run. Please
Check Warnings Page.

- Export Data and Run Prediction Codes

[¥ Wiew Input Files

Project Path
¥ View Output Fies

[e\MissieLabiiissieLabé_xdExample

I~ Create Database ATO fle CONTuration Path: [CMissieL ab\MissieLabé_odExample\Sample-003

 Run Al Enabled Cases

" Run Baseline Case Only

% Run Selected Case 11 -
Export Data / Run Codes I

Status: IFimsned Export

Errors:

Name' from the Setup menu. The default
Base filename is the Configuration name.
ITo change this, click on 'Change Base
Filename’ under the Export Files List or
|Edit Project Name' from the Setup menu.

I a supported prediction code is not
displayed in the Prediction Codes list,
check the | ncate Prediction Cndes’ farm

Mo errors were encountered.

Figure 7. Export data/run codes screen
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ME OPTIONS Project Name: Example Configuration Name: Sample-003 Input Units: INCHES

R MASS PROPERTIES

Define Geometry

Define Reference Values =

Define RunTime Condltions: 1) Enter Component Information:

Define DATCOM-Specific nputs Component Type Length [Radius | Weight(lb) [CG__ | Front Station | DX¢_ [ zz

Define APxx-Specific Inputs 1 |Seeker Solid Cylnder |7.4966 (225 |5.00 37483 |0.00 1265(1760419 | 1760.

Define NEAR MISL3 Specific Inputs

Define Wuliple Runs 2 |Ekctronics Solid Cylnder |7.4985 [2.25  |5.00 37483 |7.4985 12656466938 |6456

Define AeroLab Database 3 |Warhead Solid Cylinder |7.4968 [225  |5.00 37483 |14.9932 12,6594 8591 9495

=Y View Wsrnings

"o DATCOM Warnings & |Emoly Booster Hollow Cyinder| 74968 (225 |1.00 37483 224898  |5082|223085 2230
i \

' AP Warnings Sooster Fropelant | Sold Cylnder | 7.4566 |225  |5.00 3.7483 |224858  |1265|105.2143  |1052
g WISLIM3IFLR Warnings

Export Data / Run Predictions 5 Empty Sustainer Hollow Cylinder| 7.4966 |2.25 1.00 3.7483 29.9864 5.062|136.7576 136.7

Tools

g
R e Boihace Sustainer Propellant | Solid Cylnder |7.4988 225 |5.00 37483 200884 | 1265|677.4598 6774

 Estimate Mass Properties

Current Moter Burnout Order: Change Miior
Motor #1 : Booster Og;er |
Wotor #2 : Sustainer

2) Enter Finset Information: ReCalculate Fin Parameters |
ELPTOPICS Fin Name #Panels |PanelType |XLE |SemiSpan |Chord |Thickness | Weight(lb) |XCG |YCG [IXX [INY |EZZ

This form is used to estimate mass ~ 1 |1-Vertical Pane|4 Vertical 23.50(4.05 1.3528) 6.764625E-(] 1.00 1.017|1.846( 14.25] 38.57| 24.31
properties of the missie (moments of = - .

nertia and centers of gravity. 2 [1-Horizontal Pal| 4 Horizontal  |23.50[4.05 1.35286.764625E-([ 1.00 1.0171.846[ 14.25[24.31] 38.57|
T s for Bl gl s v intiss 3 |2-Vertical Pane|2 Vertical 35.09(3.58 1678 [0.0839 1.00 1889|178 [6.807[424.4] 217 8]
and pounds for weights. 4 |2-Horizontal Pal| 2 Horizontal | 35.09]3.56 1678 |0.0838 1.00 1689]178 |6.807[417.6]424.4]
IThe first time this form is viewed, the

inputs will be derived from the geometry T .

lentered for the body and fins. After 3) Calculate Total Mass Properties:

changes are made, the data needs to be

modified manually. Components can be Length | Weightils) |CG DO (CG) VY (CG) 122 (CG)

moved, addsd, or removed from a pop-up Pre-Launch Totals: 37.483 39.00) 22353 115.5309) 4348733 4348733

menu viewed by right-cliking en the first Atter Burnout of Hotor #1 Totals: 37.483 400] 217817 102.8748| 4232.42] 4233 419

oy e ra After Burnout of Motor #2 Totals: 37.483] 28.00) 19.7208 §0.2164 3365131 3365.131

Finsets are originally derived from the i

inputs on the FinSet page. For Moment of

inertia calculations, the panels must sther

bes torizortel o vestisl Fine can be B _sketch Component Layout | |__wrtsto TextFie__|

Figure 8. Mass properties estimator screen



